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ABSTRACT

KRAS is frequently mutated in patients with lung cancers, resulting in low survival rates. Inhibiting the
downstream pathways of KRAS seems to be a feasible strategy to target KRAS-mutant tumors. However, the
clinical outcomes only show limited success. Here, we developed a novel strategy by combining RAF (AZ628) and
STAT3 (BP-1-102) inhibitors. The results showed that the AZ628 and BP-1-102 combination showed strongly
synergistic effects on KRAS(G12D) H838, KRAS(G12S) H292 and KRAS(G12V) H441 cells and significantly enhanced
the inhibition of cell proliferation in vitro and tumor growth in vivo by promoting apoptosis compared with one
inhibitor alone. For mechanism, AZ628 and BP-1-102 combination markedly abrogated MEK/ERK signaling
pathway activation in KRAS-mutant lung cancer cells suggesting the combination of RAF and STAT3 inhibitors is an
effective therapy for treating lung cancer cells harboring KRAS mutations. Taken together, the current results
indicate that oncogene addiction can be targeted for therapy in lung cancer cells harboring RAS-mutant.

INTRODUCTION improved therapies for the treatment of this particular
type of lung malignancy.

Oncogenic mutant RAS proteins (KRAS, NRAS and

HRAS) are prevalent in up to 30% of all human cancers
[1]. In mammalian cells, the RAS genes function
as molecular switches that regulate cell growth,
differentiation and survival [2]. As a major isoform of
RAS, it is frequently mutated in multiple cancers, such
as pancreatic, colorectal and lung cancers. In lung
adenocarcinomas, it is estimated that 25%-30% of
patients harbor activating KRAS mutations, which have
lower survival rates than those without KRAS mutations
[3, 4]. KRAS mutant lung adenocarcinoma cancer shows
a poor prognosis compared with other solid tumors and
molecular subtypes of lung cancer due in part to the
progress of resistance to currently systemic or targeted
therapy [5]. Accordingly, it’s urgent to develop novel or

It seems that inhibiting KRAS mutant directly is a
promising concept for novel treatment strategy according
to the effective treatment of EGFR inhibitors for EGFR
mutant tumors. However, direct pharmacologic targeting
of activated RAS protein with small molecules is
difficult because of the deficiency of suitable small-
molecular binding sites [6]. The downstream effectors of
KRAS signals include MAPK and STAT3 signaling
cascade [7]. Among them, MAPK signaling plays an
important role in KRAS mutant lung cancer, and the
components of this pathway have been widely used to
develop drugs for KRAS inhibition. The mitogen-
activated protein kinase (MAPK) pathway is also
known as RAS/RAF/MEK/ERK pathway, regulating cell
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proliferation, differentiation, apoptosis and survival [8].
This signaling cascade is triggered by the activation of
RAS G protein, further activating RAF proto-oncogene
serine/threonine-protein kinase, resulting in mitogen-
activated protein kinase kinase (MEK) phosphorylation
[9]. Subsequently, extracellular signal-regulated kinase
(ERK) is activated, leading to cell migration,
proliferation and survival [10]. It is known that MEK
inhibitors, such as AZD6244 and trametinib, have been
developed in clinical studies in cancer, and have the
potential to suppress KRAS mutant tumor rely on MAPK
signaling pathway [7]. However, drug resistance to MEK
inhibitors has been reported in cancer with KRAS
mutations [11, 12].

STAT3, an oncogene that plays an important role
in cell proliferation, survival, angiogenesis and
immunosuppression, has been identified as an essential
molecule in RAS oncogenic transformation [13, 14].
The activation of STAT3 induces oncogenic
transformation in cells and tumor formation in nude
mice [7]. In addition, STAT3 is also reported as a
marker of poor prognosis [15]. Previous studies have
reported that STAT3 signaling pathway is aberrantly
activated in the development of KRAS mutant lung
tumors [16] and the deficiency of STAT3 inhibits
KRAS mutant-driven lung tumorigenesis in female
mice [5]. As such, STAT3 is an attractive target for
KRAS mutant tumor treatment.

It is well known that MEK inhibitors induce STAT3
phosphorylation/activation. Since MEK inhibitors have
met with limited clinical success in single-agent therapy,
the combination of MEK inhibitor and STAT3 pathway
modulator has arouse interest of the researchers. Zhao et
al. reports that the activation of STAT3 may be the
mechanism for resistance to MEK inhibitor, and the
combination of STAT3 and MEK inhibitors can be used
as potential therapy for pancreatic and colon cancers with
KRAS mutant [7]. Yoon et al. shows that combined
STAT3 inhibition with MEK inhibition restrains STAT3
activation, resulting in synergistical suppression of cell
growth and stimulation of apoptosis in KRAS mutant
lung cancer cells [3].

In this study, we characterized the combination therapy
of AZ628, the inhibitor of RAF, and BP-1-102, the
inhibitor of STAT3, in KRAS mutant lung cancer. The
combination showed a strongly synergistic interaction in
KRAS-mutant lung cancer cells compared with wild-type
cancer cells, and KRAS-mutant lung cancer cells were
more sensitive to this combination than AZ628 or BP-1-
102 single. Clone formation assay in vitro and xenograft
mice models in vivo confirmed this finding. In addition,
though this combination or single agent significantly
caused the apoptosis of both KRAS mutant cancer cells

and wild-type cells, it is observed that the two inhibitors’
combination obviously enhanced the ability of apoptosis
induction in lung cancer cells harboring KRAS mutation,
indicating the combination of RAF and STATS3 inhibitors
is an effective therapy for treating lung cancer cells
harboring KRAS mutations.

RESULTS

KRAS-mutant lung cancer cells are selectively
sensitive to the combined inhibition of RAF and
STAT3

AZ628 is one of the inhibitors of RAF, and BP-1-102 is a
STAT3 inhibitor. To evaluate the therapeutic effect of
combined AZ628 and BP-1-102 on lung cancer cells, we
analyzed the interaction (synergistic, additive or
antagonistic) by calculating the combination index (CI).
CI < 0.7 is considered as synergism; CI = 0.7-0.9 is
moderate synergism; CI = 0.90-1.10 is nearly additive;
and CI > 1.10 is antagonism. The cytotoxicity of
combined AZ628 and BP-1-102 is enhanced in
KRAS(G12D) HS838 cells compared with KRAS(WT)
H838 cells, and the CI values were < 0.7 in all groups
with different concentrations combination, suggesting a
strongly synergistic interaction between AZ628 and BP-
1-102 in KRAS mutant lung cancer cells (Figure 1). In
KRAS(G12S) H292 and KRAS(G12V) H441 cells which
had KRAS mutation, the combination showed obvious
synergism in some concentrations, whereas in other
concentrations the drug effect was nearly additive. In
contrast,  antagonistic  interaction  between this
combination drugs was observed in H661 and H1650
cells which were KRAS wild-type lung cancer cells.
These findings indicated that KRAS mutant lung cancer
cells might be selectively sensitive to combined AZ628
and BP-1-102.

The combination of RAF and STAT3 inhibitors
enhanced the inhibition of KRAS mutant lung
cancer cells growth

To confirm the synergistic effect of RAF and STAT3
inhibitors, we evaluated their roles in the growth of
KRAS mutant lung cancer cells by using AZ628 (2 uM)
and BP-1-102 (10 uM). The clonogenic assays revealed
that in KRAS(G12D) H838 cells, this combination
caused more enhanced inhibition effect on cell growth
than either agent alone, whereas there is no significant
difference in H838 cell growth (Figure 2A). The
similarly enhanced inhibition effects of this combination
were also observed in KRAS(G12V) H441 and
KRAS(G12S) H292 cells (Figure 2B). In contrast, in
KRAS(WT) H661and H1650 cells, the results showed no
significant effect of combined AZ628 and BP-1-102 on
cell growth (Figure 2C).
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The combination of RAF and STAT3 inhibitors
induced cell apoptosis increase

Cell apoptosis assays were performed with single
inhibitor or a combination of AZ628 and BP-1-102 on a
panel of KRAS mutant lung cancer cells and wild-type
lung cancer cells. The results showed that single inhibitor
also owned the ability to induce cell apoptosis in both
KRAS mutant lung cancer cells and wild-type lung
cancer cells (Figure 3A). However, KRAS(G12D) H838,
KRAS(G12V) H441 and KRAS(GI12S) H292cells
showed far higher apoptotic response to the combination
than to single inhibitor compared with KRAS(WT)
H838, H661and H1650 cells.
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PolyADP-ribose polymerase (PARP) is involved in
repair of damages to single-strand DNA, and plays a
critical role in cell apoptosis [17]. Thus, we further
performed cleaved PARP immunoblot assay to
investigate whether apoptosis induction caused growth
inhibition in a panel of KRAS mutant lung cancer cells.
Either no or minimal effects on cleaved PARP expression
were observed in KRAS(G12D) H838, KRAS(G12V)
H441 and KRAS(G12S) H292 treated with AZ628 or
BP-1-102 alone, whereas the combination induced a
significant increase of cleaved PARP production (Figure
3B). In addition, there is no significant effects of the
combined inhibitors on cleaved PARP expression in
KRAS(WT) H838, H661and H1650 cells.
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Figure 1. The combination of AZ628 and BP-1-102 showed a strongly synergistic interaction in KRAS-mutant lung cancer
cells. Relative viability was measured for KRAS(WT) H838 and KRAS(G12D) H838 cells (A), KRAS(G12S) H292 and KRAS(G12V) H441 cells (B),
as well as KRAS(WT) H661and H1650 cells (C) that were treated with the single drug or combined drugs. Cl values were calculated for cells
treated with a combination of AZ 628 and BP-1-102. Cl < 0.7 is considered as synergism; Cl = 0.7-0.9 is moderate synergism; Cl = 0.90-1.10 is

nearly additive; and Cl > 1.10 is antagonism.
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Combined inhibition of RAF and STAT?3 blocked
MEK/ERK signaling pathway

To determine whether the synergistic effects on KRAS
mutant lung cancer cells were associated with MAPK
pathway, we treated a panel of KRAS(G12D) HS838,
KRAS(G12V) H441 and KRAS(G12S) H292cells and
KRAS(WT) H838, H661and H1650 cells with AZ628
and BP-1-102 combination or BP-1-102 alone. The
western blot assay showed that BP-1-102 alone
increased the protein levels of p-MEK and p-ERK in
KRAS mutant lung cancer cells compared with cells
without treatment, whereas in wild-type cells, BP-1-102
alone had little effect on their protein levels (Figure 4A,
4B). Interestingly, the expression levels of p-MEK and
p-ERK were significantly inhibited in KRAS(G12D)
H838, KRAS(G12V) H441 and KRAS(G12S) H292
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cells treated with AZ628 and BP-1-102 combination
relative to KRAS mutant cells without treatment (Figure
4C, 4D). These findings suggested that STAT3 inhibitor
single stimulated MEK/ERK signaling pathway activity,
whereas the combination of RAF and STAT3 inhibitors
significantly suppressed this pathway.

Combined RAF and STATS3 inhibitors enhanced
therapeutic response in vivo

Given that the efficacy of combined RAF and STAT3
inhibitors against KRAS mutant cells in vitro, this study
further evaluated their therapeutic efficacy in vivo. A
xenograft mice model of lung cancer harboring KRAS
mutant was established by using KRAS(G12V) H441
cells. The results showed that BP-1-102 alone
significantly decreased the tumor volume and weight,
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Figure 2. The combination of AZ628 and BP-1-102 enhanced the inhibition of KRAS mutant lung cancer cells growth. (A)
Clonogenic assay was performed for KRAS(WT) H838 and KRAS(G12D) H838 cells treated with single or combination drugs. The statistical
analysis was also demonstrated. * p<0.05. **p<0.01. ***p<0.001. (B) Clonogenic assay was performed for KRAS(G12S) H292 and KRAS(G12V)
H441 cells treated with single or combination drugs. The statistical analysis was also tested. * p<0.05. ***p<0.001. (C) Clonogenic assay was
performed for KRAS(WT) H661and H1650 cells treated with single or combination drugs. The statistical analysis was also addressed. * p<0.05.

*%p<0.01.
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whereas tumor growth in mice treated with AZ-628
alone was not significant different from mice without
treatment (Figure 5). However, the combination resulted
in an enhanced tumor growth inhibitory effect that both
tumor volume and weight were remarkably reduced in
mice treated with the combined drugs compared with
vehicle and BP-1-102 alone.

DISCUSSION

RAF includes A-RAF, b-RAF and c-RAF/RAF-1, which
is involved in MAPK signaling cascade [18]. RAF-1
regulates the activation of anti-apoptotic transcription
factor, nuclear factor-xB, and caspase-8 [19]. B-RAF is
frequently mutated in human tumors, further stimulating
cancer cell growth and survival via improving kinase
activity and inducing the downstream MEK-ERK
pathway [20]. It is also reported that b-RAF mutation is
one of the most frequent cause of MAPK pathway
aberrant activation [21]. Thus, inhibiting activation of
RAF may be a crucial treatment for preventing cancer
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cell growth. However, previous study has demonstrated
that RAF inhibitors show little efficacy in KRAS mutant
cancers [22], which suggests that tumors harboring
KRAS mutations may be insensitive to single-agent RAF
inhibitions. In this study, we found that RAF inhibitor
(AZ628) combined with STAT3 inhibitor (BP-1-102)
reversed this little efficacy, and had a great effect on
suppressing the growth of KRAS mutant cancer cells and
tumor.

AZ628, a type Il selective pan-RAF kinase inhibitor,
inhibits the activity of preactivated b-RAF, b-RAF
V600E and c-RAF, blocking MEK activation and
sustaining sensitivity to the MEK inhibitor, thus resulting
in cancer cell proliferation inhibition [19, 23, 24]. BP-1-
102, one of the STAT3 inhibitors, blocks STAT3
phosphorylation at tyrosine 705 (Tyr705), and further
inhibits STAT3 dimerization, DNA binding, and
downstream genes activation [25]. This study found that
the combination of AZ628 and BP-1-102 showed a
strongly synergistic interaction in KRAS-mutant lung
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Figure 3. The combination of AZ628 and BP-1-102 induced cell apoptosis increase. (A) Flow cytometry was performed to detect
cell apoptosis induced by single or combination drugs in KRAS(G12D) H838, KRAS(G12S) H292, KRAS(G12V) H441, KRAS(WT) H838, H661and
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cancer cells compared with wild-type cancer cells,
and KRAS-mutant lung cancer cells were more
sensitive to this combination than AZ628 or BP-1-102
single. Clone formation assay in vitro and xenograft
mice models in vivo confirmed this finding. AZ628 and
BP-1-102 combination significantly inhibited the
growth of KRAS-mutant cancer cells and tumors,
whereas single agent only had slight inhibition ability,
which is consistent to the report of previous study that
RAF inhibitors show little efficacy in KRAS mutant
cancers [22].

We further determined the role of combined inhibitors in
cell apoptosis. Though this combination or single agent
significantly caused the apoptosis of both KRAS mutant
cancer cells and wild-type cells, it is observed that the
two inhibitor’s combination obviously enhanced the
ability of apoptosis induction in lung cancer cells
harboring KRAS mutation. Cleaved PARP immunoblot
assay revealed that treatment with AZ628 or BP-1-102
single selectively increased cleaved PARP protein levels
in KRAS mutant cancer cells, while these inhibitors
combination significantly induced cleaved PARP
expression in these cells. Cleaved PARP is mainly
involved in repair of damages to single-strand DNA, and
plays a critical role in cell apoptosis [17]. This perfectly
explains that the inhibition of cell growth caused by

AZ628 and BP-1-102 combination is due to the increase
of cell apoptosis.

To investigate the mechanism underlying the effects of
combined AZ628 and BP-1-102 on KRAS mutant lung
cancer cells, we evaluated the role of these inhibitors in
MEK/ERK signaling pathway. STAT3 has been reported
to be an essential molecule in RAS oncogenic
transformation [13]. This study showed that BP-1-102
markedly increased the protein levels of p-MEK and
p-ERK in KRAS mutant cancer cells, suggesting that
STAT3 inhibitor can result in MEK and ERK up-
regulation. Interestingly, p-MEK and p-ERK expression
were significantly inhibited when BP-1-102 combined
with AZ628. Given the distinct pharmacological targeting
profiles of AZ628 and BP-1-102, future work should also
address how to impose the pharmacological effects of
these two drugs in RAS-mutant cells?

In summary, the current data support the pharmacological
action mode that AZ628 and BP-1-102 combination
inhibits RAS-mutant lung cancer cells by markedly
abrogating MEK/ERK signaling pathway activation
(Figure 6). Our new findings on the pharmacological
effects of AZ628 and BP-1-102 combination on lung
cancer cells may pave a new way to treat this refractory

cancer.

Figure 6. Proposed model. Pictures showing that AZ628 and BP-1-102 combination inhibits RAS-mutant lung cancer cells by markedly

abrogating MEK/ERK signaling pathway activation.
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MATERIALS AND METHODS
Cell culture and reagents

Human lung cancer cell lines, including H838, H292,
H441, H661, and H1650, were purchased from the
American Type Culture Collection (ATCC; Manassas,
USA), and cultured in RPMI-1640 or DMEM
supplemented with 10% fetal bovine serum (FBS; Gibco,
Gaithersburg, MD, USA) at 37°C in a humidified
incubator filled with 5% CO,. AZ628, a RAF inhibitor,
and BP-1-102, a STAT3 inhibitor, were obtained from
Medchemexpress. Stock solutions were prepared in
DMSO and stored at —20°C.

Cell viability assay

Cell Counting Kit-8, a variant of MTT assay, was
performed to detect the cytotoxic effects of AZ628 or
BP-1-102 or their combination on lung cancer cells. Cells
were transformed to 96-well plates at a density of 3000
cells/well, and incubated for 24 h. Subsequently, cells
were treated with different concentrations of AZ628 or
BP-1-102 or DMSO as control. Cell viability was
measured after 72 h. Combination index (CI) was
calculated by CalcuSyn software. CI < 0.7 is considered
as synergism; CI = 0.7-0.9 is moderate synergism; CI =
0.90-1.10 is nearly additive; and CI > 1.10 is antagonism.
All reactions were performed in triplicate.

Clonogenic assay

Cells were plated in 6-well plates and continuously
incubated for 24 h. And then, cells were treated with
DMSO or 2 pyM AZ628 or 10 pyM BP-1-102 or a
combination of AZ628 and BP-1-102 for 7 days, and
stained with crystal violet.

Flow cytometry assay

After treated with drugs for 72 h, cells were harvested,
and stained by PI (100 pg/ml) and Annexin V-Alexa
Fluor488 conjugate at room temperature for 20 min in
dark. And then, cell apoptosis was detected by using flow
cytometer (BD Biosciences, Franklin Lakes, NJ). The
extent of apoptosis was quantified as a percentage of
annexin V FITC-positive cells.

Western blot assay

Cells were treated with DMSO or 2 pM AZ628 or 10 uM
BP-1-102 or a combination of AZ628 and BP-1-102 for
24 h. Proteins were extracted by using RIPA lysis buffer,
and then separated by 10% SDS-PAGE gels, following
by transferring to polyvinylidene difluoride (PVDF)
membrane. After blocking in 5% skim milk at room

temperature, the membranes were probed with primary
antibodies overnight at 4°C. B-actin was used as an
endogenous loading control.  Subsequently, the
membranes were incubated with diluted goat polyclonal
anti - rabbit IgG secondary antibody (1:2000; Abcam).
An enhanced chemiluminescence system was further
performed to detect protein levels.

Xenograft study

BALB/c nude Mice, 6-8 week old, were purchased
from the SLAC Laboratory Animal Center (Shanghai,
China), and were subcutaneously injected with H441
cells (5%10° in the right flank. And then, mice were
divided into four groups treated with vehicle, AZ628,
BP-1-102, and in combination, respectively. AZ628 was
dosed at 20 mg/kg and BP-1-102 at 20 mg/kg. And
then, mice were sacrificed. Tumor volume was detected
by using a digital caliper.

Statistical analysis

All experiments were performed at least three times.
Data are presented as mean = SEM. Statistics analysis
was performed with SPSS software. Student’s t-test was
used to determine the significance between the tested
groups. P<0.05 was regarded statistically significant
difference.

CONFLICTS OF INTEREST
The authors declare no conflicts of interest.
FUNDING

This study was supported by “Sailing Program” of
the Shanghai Science and Technology Committee
(19YF1449600).

REFERENCES

1. Saif MW, Shah M. K-ras mutations in colorectal
cancer: a practice changing discovery. Clin Adv
Hematol Oncol. 2009; 7:45-53, 64. PMID:19274041

2. Overmeyer JH, Maltese WA. Death pathways triggered
by activated Ras in cancer cells. Front Biosci. 2011;
16:1693-713.
https://doi.org/10.2741/3814 PMID:21196257

3. Yoon YK, Kim HP, Han SW, Oh DY, Im SA, Bang YJ, Kim
TY. KRAS mutant lung cancer cells are differentially
responsive to MEK inhibitor due to AKT or STAT3
activation: implication for combinatorial approach. Mol
Carcinog. 2010; 49:353-62.
https://doi.org/10.1002/mc.20607
PMID:20358631

www.aging-us.com 7194

AGING


https://www.ncbi.nlm.nih.gov/pubmed/19274041
https://doi.org/10.2741/3814
https://www.ncbi.nlm.nih.gov/pubmed/21196257
https://doi.org/10.1002/mc.20607
https://www.ncbi.nlm.nih.gov/pubmed/20358631

10.

11.

AD AY, NK, FB AgD ErK, OT, LE HA. The
Frequency of EGFR and KRAS Mutations in the Turkish
Population with Non-small Cell Lung Cancer and their
Response to Erlotinib Therapy. Balkan J Med Genet.
2018; 21:21-26.
https://doi.org/10.2478/bjmg-2018-0022
PMID:30984520

Caetano MS, Hassane M, Van HT, Bugarin E, Cumpian
AM, McDowell CL, Cavazos CG, Zhang H, Deng S, Diao
L, Wang J, Evans SE, Behrens C, et al. Sex specific
function of epithelial STAT3 signaling in pathogenesis
of K-ras mutant lung cancer. Nat Commun. 2018;
9:4589.

https://doi.org/10.1038/s41467-018-07042-y
PMID:30389925

Wang J, Hu K, Guo J, Cheng F, Lv J, Jiang W, Lu W, Liu
J, Pang X, Liu M. Suppression of KRas-mutant cancer
through the combined inhibition of KRAS with PLK1
and ROCK. Nat Commun. 2016; 7:11363.
https://doi.org/10.1038/ncomms11363
PMID:27193833

Zhao C, Xiao H, Wu X, Li C, Liang G, Yang S, Lin J.
Rational combination of MEK inhibitor and the STAT3
pathway modulator for the therapy in K-Ras mutated
pancreatic and colon cancer cells. Oncotarget. 2015;
6:14472-87.
https://doi.org/10.18632/oncotarget.3991
PMID:25961376

Wan XB, Wang AQ, Cao J, Dong ZC, Li N, Yang S, Sun
MM, Li Z, Luo SX. Relationships among KRAS mutation
status, expression of RAS pathway signaling molecules,
and clinicopathological features and prognosis of
patients with colorectal cancer. World J Gastroenterol.
2019; 25:808-23.
https://doi.org/10.3748/wijg.v25.i7.808
PMID:30809081

Ammar UM, Abdel-Maksoud MS, Oh CH. Recent
advances of RAF (rapidly accelerated fibrosarcoma)
inhibitors as anti-cancer agents. Eur J] Med Chem.
2018; 158:144-66.
https://doi.org/10.1016/j.eimech.2018.09.005
PMID:30216849

Gonzalez-Hormazabal P, Musleh M, Bustamante M,
Stambuk J, Pisano R, Valladares H, Lanzarini E, Chiong
H, Rojas J, Suazo J, Castro VG, Jara L, Berger Z.
Polymorphisms in RAS/RAF/MEK/ERK Pathway Are
Associated with Gastric Cancer. Genes (Basel). 2018;
10:20.

https://doi.org/10.3390/genes10010020
PMID:30597917

Choi KM, Cho E, Kim E, Shin JH, Kang M, Kim B, Han EH,
Chung YH, Kim JY. Prolonged MEK inhibition leads to
acquired resistance and increased invasiveness in KRAS

12.

13.

14.

15.

16.

17.

18.

mutant gastric cancer. Biochem Biophys Res Commun.
2018; 507:311-18.
https://doi.org/10.1016/].bbrc.2018.11.030
PMID:30466782

Wagner S, Vlachogiannis G, De Haven Brandon A,
Valenti M, Box G, Jenkins L, Mancusi C, Self A,
Manodoro F, Assiotis |, Robinson P, Chauhan R, Rust
AG, et al. Suppression of interferon gene expression
overcomes resistance to MEK inhibition in KRAS-mutant
colorectal cancer. Oncogene. 2019; 38:1717-33.
https://doi.org/10.1038/s41388-018-0554-z
PMID:30353166

Park E, Park J, Han SW, Im SA, Kim TY, Oh DY, Bang YJ.
NVP-BKM120, a novel PI3K inhibitor, shows
synergism with a STAT3 inhibitor in human gastric
cancer cells harboring KRAS mutations. Int J Oncol.
2012; 40:1259-66.
https://doi.org/10.3892/ij0.2011.1290
PMID:22159814

Van Schaeybroeck S, Kalimutho M, Dunne PD, Carson
R, Allen W, lJithesh PV, Redmond KL, Sasazuki T,
Shirasawa S, Blayney J, Michieli P, Fenning C, Lenz HJ,
et al. ADAM17-dependent c-MET-STAT3 signaling
mediates resistance to MEK inhibitors in KRAS mutant
colorectal cancer. Cell Rep. 2014; 7:1940-55.
https://doi.org/10.1016/j.celrep.2014.05.032
PMID:24931611

Tang L, Liu JX, Zhang ZJ, Xu CZ, Zhang XN, Huang
WR, Zhou DH, Wang RR, Chen XD, Xiao MB, Qu LS,
Lu CH. High expression of Anxa2 and Stat3
promote progression of hepatocellular carcinoma and
predict poor prognosis. Pathol Res Pract. 2019;
215:152386.
https://doi.org/10.1016/].prp.2019.03.015
PMID:30935762

Caetano MS, Zhang H, Cumpian AM, Gong L, Unver N,
Ostrin EJ, Daliri S, Chang SH, Ochoa CE, Hanash S,
Behrens C, Wistuba Il, Sternberg C, et al. IL6 Blockade
Reprograms the Lung Tumor Microenvironment to
Limit the Development and Progression of K-ras-
Mutant Lung Cancer. Cancer Res. 2016; 76:3189-99.
https://doi.org/10.1158/0008-5472.CAN-15-2840
PMID:27197187

Kim'Y, Kim A, Sharip A, Sharip A, Jiang J, Yang Q, Xie Y.
Reverse the Resistance to PARP Inhibitors. Int J Biol
Sci. 2017; 13:198-208.
https://doi.org/10.7150/ijbs.17240

PMID:28255272

Sanz-Garcia E, Argiles G, Elez E, Tabernero J. BRAF
mutant colorectal cancer: prognosis, treatment, and
new perspectives. Ann Oncol. 2017; 28:2648-57.
https://doi.org/10.1093/annonc/mdx401
PMID:29045527

www.aging-us.com

7195

AGING


https://doi.org/10.2478/bjmg-2018-0022
https://www.ncbi.nlm.nih.gov/pubmed/30984520
https://doi.org/10.1038/s41467-018-07042-y
https://www.ncbi.nlm.nih.gov/pubmed/30389925
https://doi.org/10.1038/ncomms11363
https://www.ncbi.nlm.nih.gov/pubmed/27193833
https://doi.org/10.18632/oncotarget.3991
https://www.ncbi.nlm.nih.gov/pubmed/25961376
https://doi.org/10.3748/wjg.v25.i7.808
https://www.ncbi.nlm.nih.gov/pubmed/30809081
https://doi.org/10.1016/j.ejmech.2018.09.005
https://www.ncbi.nlm.nih.gov/pubmed/30216849
https://doi.org/10.3390/genes10010020
https://www.ncbi.nlm.nih.gov/pubmed/30597917
https://doi.org/10.1016/j.bbrc.2018.11.030
https://www.ncbi.nlm.nih.gov/pubmed/30466782
https://doi.org/10.1038/s41388-018-0554-z
https://www.ncbi.nlm.nih.gov/pubmed/30353166
https://doi.org/10.3892/ijo.2011.1290
https://www.ncbi.nlm.nih.gov/pubmed/22159814
https://doi.org/10.1016/j.celrep.2014.05.032
https://www.ncbi.nlm.nih.gov/pubmed/24931611
https://doi.org/10.1016/j.prp.2019.03.015
https://www.ncbi.nlm.nih.gov/pubmed/30935762
https://doi.org/10.1158/0008-5472.CAN-15-2840
https://www.ncbi.nlm.nih.gov/pubmed/27197187
https://doi.org/10.7150/ijbs.17240
https://www.ncbi.nlm.nih.gov/pubmed/28255272
https://doi.org/10.1093/annonc/mdx401
https://www.ncbi.nlm.nih.gov/pubmed/29045527

19.

20.

21.

22.

Hossain SM, Shetty J, Tha KK, Chowdhury EH. a-
Ketoglutaric Acid-Modified Carbonate Apatite Enhances
Cellular Uptake and Cytotoxicity of a Raf- Kinase
Inhibitor in Breast Cancer Cells through Inhibition
of MAPK and PI-3 Kinase Pathways. Biomedicines.
2019; 7:EA4.
https://doi.org/10.3390/biomedicines7010004

PMID:30609867

Montagut C, Sharma SV, Shioda T, McDermott U,
Ulman M, Ulkus LE, Dias-Santagata D, Stubbs H, Lee
DY, Singh A, Drew L, Haber DA, Settleman J. Elevated
CRAF as a potential mechanism of acquired resistance
to BRAF inhibition in melanoma. Cancer Res. 2008;
68:4853-61.
https://doi.org/10.1158/0008-5472.CAN-07-6787
PMID:18559533

Molnar E, Rittler D, Baranyi M, Grusch M, Berger W,
Dome B, Tévari J, Aigner C, Timar J, Garay T, Heged(s
B. Pan-RAF and MEK vertical inhibition enhances
therapeutic response in non-V600 BRAF mutant cells.
BMC Cancer. 2018; 18:542.
https://doi.org/10.1186/s12885-018-4455-x
PMID:29739364

Yen |, Shanahan F, Merchant M, Orr C, Hunsaker T,
Durk M, La H, Zhang X, Martin SE, Lin E, Chan J, Yu Y,
Amin D, et al. Pharmacological Induction of RAS-GTP
Confers RAF Inhibitor Sensitivity in KRAS Mutant
Tumors. Cancer Cell. 2018; 34:611-625.e7.

23.

24,

25.

https://doi.org/10.1016/j.ccell.2018.09.002
PMID:30300582

Whittaker SR, Cowley GS, Wagner S, Luo F, Root DE,
Garraway LA. Combined Pan-RAF and MEK Inhibition
Overcomes Multiple Resistance Mechanisms to
Selective RAF Inhibitors. Mol Cancer Ther. 2015;
14:2700-11.
https://doi.org/10.1158/1535-7163.MCT-15-0136-T
PMID:26351322

Khazak V, Astsaturov |, Serebriiskii 1G, Golemis EA.
Selective Raf inhibition in cancer therapy. Expert Opin
Ther Targets. 2007; 11:1587-609.
https://doi.org/10.1517/14728222.11.12.1587
PMID:18020980

Zhang X, Yue P, Page BD, Li T, Zhao W, Namanja AT,
Paladino D, Zhao J, Chen Y, Gunning PT, Turkson J.
Orally bioavailable small-molecule inhibitor of
transcription factor Stat3 regresses human breast and
lung cancer xenografts. Proc Natl Acad Sci USA. 2012;
109:9623-28.
https://doi.org/10.1073/pnas.1121606109
PMID:22623533

www.aging-us.com

7196

AGING


https://doi.org/10.3390/biomedicines7010004
https://www.ncbi.nlm.nih.gov/pubmed/30609867
https://doi.org/10.1158/0008-5472.CAN-07-6787
https://www.ncbi.nlm.nih.gov/pubmed/18559533
https://doi.org/10.1186/s12885-018-4455-x
https://www.ncbi.nlm.nih.gov/pubmed/29739364
https://doi.org/10.1016/j.ccell.2018.09.002
https://www.ncbi.nlm.nih.gov/pubmed/30300582
https://doi.org/10.1158/1535-7163.MCT-15-0136-T
https://www.ncbi.nlm.nih.gov/pubmed/26351322
https://doi.org/10.1517/14728222.11.12.1587
https://www.ncbi.nlm.nih.gov/pubmed/18020980
https://doi.org/10.1073/pnas.1121606109
https://www.ncbi.nlm.nih.gov/pubmed/22623533

